Study aim: Physical activity is crucial for a child's development, as well as for the development of the foot. The aim of this study was to assess the correlation of the level of physical activity and physical fitness with the arches of the foot in children in non-weight-bearing and weight-bearing conditions. Material and methods: The study population consisted of 92 children aged 10 to 14 years. We assessed their physical fitness with a modified Zuchora test. The modification consisted in choosing three (speed, jumping ability, and flexibility) out of a total of six trials. To assess the physical activity, we used a screening test -the anonymous Moderate to Vigorous Physical Activity questionnaire. To analyze the arches of the foot, we used computer equipment based on the Moiré projection method. Results: Pearson's chi-squared test did not reveal any significant correlation between physical activity, physical fitness, and longitudinal and transversal arches in children. The percentage of normal and high foot arches increased with increasing levels of physical activity and physical fitness. A Wilcoxon signed-rank test analysis confirmed a statistically significant difference (with p < 0.001) in the longitudinal and transversal arches in measurements in non-weight-bearing and weight-bearing conditions. Conclusions: 1. In the examined group, there were functional lateral and longitudinal flat feet. 2. A lowered longitudinal arch foot might reduce physical activity and fitness in adolescents.
Introduction
A suitable amount of physical activity is crucial for child development. Physical activity (PA) leads to physical fitness (PF). Limited PA may lead to illnesses, metabolic disorders, and musculoskeletal disorders, such as incorrect foot arches.
The foot is the fundament of the body posture, in both its static and dynamic functions, regardless of the different measures of foot structure [10] . Proper stabilization of the foot on the ground, along with its proper arches, guarantees correct gait [18] . The structure of the foot is formed by a system of longitudinal and transversal arches. The arches regulate the pressure on the soles of the feet in weight-bearing conditions [6, 18] .
Individual differences in foot structure depend on anthropometric parameters, genetic factors, and lifestyle. Its structure is maintained by muscles, joint capsules, and ligaments [7] . There is a strong relationship between the strength and endurance of lower extremity muscles and the structure of the arches of the foot [2] .
Disorders of the arches of the foot have been extensively discussed in the literature. Clarke's angle forms between the C-S line, binding the most internal point of the forefoot with the most internal point of the hindfoot, and the Q-q line, which is the medial tangent of the foot. A range below 28 degrees denotes a flat foot; 28-40 degrees, a lowered foot arch; 40-51 degrees, a normal foot arch; and over 51 degrees, a high foot arch. The transversal arch is assessed according to the Wejsflog index. The Wejsflog index defines the proportions of the foot, i.e. foot length to foot width ratio [9] .
Physical activity (PA) is body movement caused by muscle work that leads to energy expenditure higher than the basal metabolic rate [19, 20] . PA is efficient only when it is done with optimal frequency and intensity. The World Health Organization (WHO) has established norms for PA for individual age groups. For children and teenagers aged 5-17, the recommended amount of PA is 60 minutes every day [29] . The benefits of regular PA in children are body mass control, desired bone development and bone mineralization, and an increase in muscle flexibility and endurance [12, 14, 16, 18] . Physical activity results in physical fitness [15] . Physical fitness (PF) means that a person is ready for physical tasks that require muscle strength, quickness of movement, and physical efficiency, as well as general health. In children, they are dependent on many factors, such as age, sex, and body build, as well as past injuries, which have a negative effect on PF [24] . The process of progressive development of the foot arch ends mostly between 10 and 13 years of age, and is characterized by specificity in comparison to the overall somatic development. Therefore, the authors selected children aged 10-14 as a target group [13] .
The aim of our study was to assess changes in transversal and longitudinal arches of the foot in children in relation to the PA and PF and in relation to weight-bearing conditions.
Material and methods
Following the consent of the Bioethical Commission of University of Rzeszów, we qualified 92 children for the study. The children were 10 to 14 years old. The subjects were classified into the respective age groups based on the following principle: e.g. children whose calendar age at the time of testing was between 9.5 and 10.5 years were classified as belonging to the 10-year-old age subgroup. There were 57 girls (62%) and 35 boys (38%) in the group. Ten-year-old children constituted 10.9% of the study population (10 subjects); 11-year-olds, 25% (23 subjects); 12-year-olds, 35.9% (33 subjects), 13-yearolds, 20.7%; 14-year-olds, 7.6% (7 subjects). The children were students in primary school in year 4, 5, or 6, in the region of Podkarpacie. Their mean body height was 153.2 ± 10.5 cm, and mean body mass was 46.3 ±13.0 kg. Based on a growth chart the BMI was calculated; mean BMI was 19.4 ± 3.6 (kg/m 2 ). Most of the children ( 68-73.9%) had weight normal BMI, 8 were below the norm, and 8 were overweight or obese.
Criteria for students' inclusion in the study were: age 10 to 14 years, consent to participate in the study, no pain of the locomotor system reported, no injury within 6 months prior to the study.
Criteria for students' exclusion were: neurological and orthopaedic disorders of the locomotor system, internal diseases.
The study was conducted in two primary schools. Fitness tests were conducted in a gym in the presence of a teacher. The physical activity questionnaires were filled out in the classroom. Computer foot measurements were conducted in the office of the school nurse. All conditions in which the study was conducted were the same for all of our subjects.
Physical fitness assessment method
We assessed children's physical fitness (PF) with a modified Zuchora test. Following a warm-up and test demonstration, we asked the children to complete three out of a total of six trials: speed, jumping ability, and flexibility trials [29] . All trial results were registered with the same measuring equipment. We cheered on the children, so that they did their best in the trials. The children did teach trial twice. We calculated an average of two results and then scored them according to an official scoreboard. Then, we calculated the trial results according to the age and sex of each child [3] .
The speed trial consisted of fast stationary running and clapping hands under a bent knee for 10 seconds. We counted the number of claps. The jumping ability trial was a standing long jump. The subjects measured the jumping distance with their own feet (the result was rounded up in case of length greater than half a foot, and down if it was less than half a foot). The flexibility trial consisted of standing upright and then slowly and constantly bending the trunk forward. Bending the knees meant failing the trial. Table 1 shows assessment norms for summed up results of all the three trials. All tests were performed on the same day by an experienced physical education teacher and a qualified physiotherapist.
Physical activity assessment method
To assess the physical activity of the children, we used a screening test devised by Prochaska et al. -the anonymous Moderate to Vigorous Physical Activity (MVPA) questionnaire [22] . To calculate the MVPA index, we asked the subjects the following questions: 
Out of the last 7 days, on how many days did you spend at least 60 minutes doing physical activity? 2. In a typical week, on how many days do you spend at least 60 minutes doing physical activity (including Physical Education lessons)?
When completing the test a physiotherapist explained all concerns. The possible answer range was 0 to 7 days. On this basis, we calculated the average number of days in which the children spent at least 60 minutes on physical activity. According to scientists and WHO experts, children should be physically active a minimum of five times a week for a minimum of 60 minutes each time. Therefore, MVPA = 5.5 days per week [28] .
The following classification is used in the literature: 1. Physically inactive child = 0-1 day per week; 2. Low physical activity = 2-3 days per week; 3. Moderately physically active child = 3.5-5 days per week; 4. Physically active child = 5.5-7 days per week.
We surveyed sedentary behaviour of the children with questions concerning the time spent using computers, smartphones, and watching TV. The answers allowed us to calculate the total time of these activities throughout the week. Excessive screen time is linked to negative consequences, and the American Academy of Pediatrics (AAP) recommends that the total screen time not exceed 2 hours a day, or 14 hours a week [1] . The following classification is used in the literature: screen time shorter than 7 h a week is very limited sedentarism; screen time between 7 and 14 hours a week is limited sedentarism; 14 to 28 hours a week is moderate sedentarism; more than 28 hours a week is excessive sedentarism.
Foot arch assessment methods
To assess arches of the foot, the plantography examination was used. Computer equipment devised for foot analysis -a podoscope with a 3D scanner -was produced by CQ Elektronik System. The tool provides developed and refined podoscope assessment. Apart from the image (plantoconturogram), the equipment provides information on the spatial structure of the foot. The results obtained are repeatable and comparable [9] . The reference values of the assessed parameters, i.e. Clarke's angle and Wejsflog index, are presented above.
Statistical analysis
We checked whether the distribution of the Wejsflog index and Clarke's angle (CL) was normal with the ShapiroWilk test. To check correlations between the qualitative variables measured, we used Pearson's chi-squared test of independence. To compare foot parameters in weightbearing and in non-weight-bearing conditions (sitting position), we used the Wilcoxon signed-rank test. We set the test significance at p < 0.05. To analyze the results, we used the statistical software suite STATISTICA for Windows 10.0.
Results
There was no evidence of a statistically significant relationship between the occurrence of foot defects on the basis of the Wejsflog index (Table 2 ) and of the Clark index (Table 3) , and BMI of the children.
Results of the Zuchora physical fitness test are presented in Figure 2 . Table. 2. Characteristics of the group based on the Wejsflog index and BMI These results were then transformed according to the criteria for the Zuchora test. The mean result scored by the children was 11.6 out of 18 points. The lowest result scored was 6 points, and the highest result was 17 points. Most children had very good or superior physical fitness (36 and 25 children, respectively).
As far as the physical activity assessment was concerned, the children scored MVPA points as follows: the mean result was 4.6 ± 1.3 points. Then, the results of individual children were transformed according to the criteria for the physical activity test MVPA. The children's activity was assessed in three bands. Figure 3 presents the assessments.
As in the tests above, we transformed the children's activity level results according to relevant criteria. We then assessed their sedentary levels in four bands (Table 4) .
Assessment of the longitudinal and transversal foot arches in non-weight-bearing and weight-bearing conditions
We conducted foot measurements in non-weight-bearing and weight-bearing conditions. The measurements of the Wejsflog index showed that transversely flat feet were more commonly revealed in weight-bearing conditions (n = 14, 15.2%) than in non-weight-bearing conditions (n = 4, 4.4%). Transversely flat feet means the situation when the ratio between foot length and width is between 2.00 and 2.50 [9] . Clarke's angle measurements of longitudinal arches in non-weight-bearing conditions revealed that high foot arches were the most common (n = 53, 57.6%), followed by normal foot arches (n = 30, 32.9%), Table 4 . Graphic and numeric interpretation of sedentary levels -interpretation of results and then by lowered foot arches and flat feet (n = 9, 9.5%).
In weight-bearing conditions, the most common type of longitudinal arches was normal arches (n = 39, 43.9%). Twenty-five children (26.6%) had high longitudinal arches, 20 children (22.3%) had lowered arches, and 8 (8.2%) had flat feet. The comparison of foot parameters in weightbearing and non-weight-bearing conditions confirmed highly significant differences at p < 0.001*** for parameters of longitudinal and transversal foot arches. Table 5 presents the detailed data.
Physical fitness and arches of the foot
Pearson's chi-squared test analysis did not reveal any statistically significant correlations (p < 0.05) between foot arch disorders based on either the Wejsflog index (P = 0.8495 for the right foot, P = 0.4472 for the left foot) or Clarke's angle (P = 0.628 for the right foot, P = 0.1697 for the left foot) with the level of physical fitness in the study population of children, as assessed with the Zuchora test. It is important to stress, however, that children whose physical fitness was very good or prominent did not have transversely flat feet at all, and that lowered longitudinal arches were four times less common in them than in children whose physical fitness was low.
Physical activity and arches of the foot
Pearson's chi-squared test analysis did not reveal any statistically significant correlations (p < 0.05) between foot arch disorders, as assessed with Clarke's angle measurements, and the children's physical activity, as assessed with MVPA. However, lowered foot arches (n = 15) and flat feet (n = 7) were found in children whose physical activity was minimum or moderate, and normal feet or high foot arches were more common in physically active children (n = 25).
Correlations between body weight, height and BMI in relation to the results of tests of physical fitness and physical activity are presented in Table 6 .
A significant relationship was found between BMI and physical fitness measured by the Zuchora test (p = 0.0245) and also a highly statistically significant relationship (p = 0.0096) between the BMI of children and their physical activity. The obtained correlation values (R) for these relationships were, however, weak (R = 0.3) and their orientation was negative.
Discussion
Sedentary lifestyle might be one of the causes for foot arch disorders [8] . Tong and Kong found a correlation between the type of arches of the foot and injuries to the lower extremities. In the most common foot disorder, i.e. flat feet, there are significant changes to the talocalcanean joint and to the talonavicular joint, which result in an increased risk of injury [25] . It has been proven, too, that flat feet in children are related to an incorrect distribution of static forces that leads to the forefoot being in a lesser pronation in gait than in normal feet [26] .
Our study showed that decreased physical activity, sedentary lifestyle, and decreased physical fitness influence the arches of the foot. However, we did not find a significant correlation between the variables. Based on Mueller's studies, which found that static and dynamic measurements of feet change with a child's age, one may presume that a correlation of the above mentioned variables in a wider age group could develop differently [17] .
We analyzed the longitudinal arches on the basis of Clarke's angle values; it is a reliable, sensitive, and practical index [21] . Clarke's angle values in non-weight-bearing and weight-bearing conditions revealed statistically significant differences. Therefore, it may prove useful to study the impact of BMI on foot arches in the study population of children.
Rykała et al. studied a group of 182 children aged 7 to 10 years. They used the photogrammetric method. In weight-bearing conditions, they found worse longitudinal arches in boys than in girls, yet the measurement results of both groups were within the normal range [24] .
Physical activity is an element of preventive healthcare. It triggers adaptive processes in the body. Our results proved beneficial tendencies in physically active children. Studies by Furgał and Adamczyk on nine -and ten-yearold children seem to confirm our findings. They found that less active children had more foot arch disorders -62.5% of girls and 39.5% of boys who did not perform any physical activity outside their PE lessons had lowered foot arches, as revealed with Clarke's angle and Wejsflog index measurements. Regular physical activity ensured normal foot arches in children [9] .
We did not find any statistically significant correlations between foot disorders and the levels of physical fitness in children. We did find, however, that children of superior physical fitness did not have transversely flat feet, and that longitudinally flat feet were most common in children whose physical fitness was lowest.
The foot is one of the links of the human kinematic chain. Twomey and McIntosh conducted a three-dimensional gait analysis of subject with healthy and flat feet. They found increased outer rotation in the hip and a different positioning of the lower limb axis in subjects with flat feet [26] . This shows that a disorder of foot arches negatively affects the functioning of the whole body and the body posture [4] . Table 6 . Correlation between body weight, height and BMI in relation to the results of tests of physical fitness and physical activity
